A chemiluminescence method for the determination of tetracyclines was developed. The method is based on an enhancement of tetracyclines upon the chemiluminescence light emission of tris(2,2′-bipyridine)ruthenium(II). In a sulfuric acid medium, chemiluminescence light emission is generated upon continuous oxidation of tris(2,2′-bipyridine)ruthenium(II) by potassium permanganate, catalyzed by Mn(II). The light-emission intensity is enhanced when the tetracyclines are also present in the reaction system. Under the optimum conditions, the calibration curves are linear over the range 1.0×10 -7 -1.0×10 -5 g/ml for tetracycline, 4.0×10 -8 -1.0×10 -5 g/ml for chlortetracycline and 1.0×10 -7 -1.0×10 -5 g/ml for oxytetracycline. The limits of detection (S/N=3) are 2.0×10 -8 g/ml for tetracycline, 1.0×10 -8 g/ml for chlortetracycline and 2.0×10 -8 g/ml for oxytetracycline. The proposed method was used to determine tetracyclines in pharmaceutical formulations with good results.
Tetracyclines are broad-spectrum antibiotic drugs. The determination of tetracyclines has become an important subject in the fields of pharmaceuticals, biochemistry and commercial foods. Numerous methods have been reported for the determination of tetracyclines, including spectrophotometry [1] [2] [3] , chromatography [4] [5] [6] , fluorometry [7] [8] [9] and an electrochemical method. 10 Most of these methods require lengthy treatments and lack the simplicity needed for routine analysis.
The chemiluminescence (CL) method has been an attractive detection means for pharmaceutical analysis due to its low detection limits and wide linear working ranges, with relatively simple instrumentation. In recent years there has been increasing interest in applying the CL method for determining tetracyclines. [11] [12] [13] [14] Tris(2,2′-bipyridine)ruthenium(II) [Ru(bpy) 3 
2+
] is a useful CL reagent, and has been applied to the analysis of many organic compounds. [15] [16] [17] This work concerned study of the CL system of tetracyclines and Ru(bpy) 3 2+ with acidic permanganate in the presence of Mn(II). In a sulfuric acid medium, CL light emission is generated upon the continuous oxidation of Ru(bpy) 3 2+ by potassium permanganate, catalyzed by Mn(II). The light-emission intensity is enhanced when the tetracyclines are also present in the reaction system. The final procedure allowed the successful determination of tetracyclines in pharmaceutical formulations without any pretreatment of the samples.
Experimental

Apparatus and reagents
LKB-1251 luminometry, dispenser SVD and dispenser controller DC (Pharmacia LKB Biotechnology AB, Sweden), with a Epson LX-800 printer (Seiko Epson, Japan) were used. A 1.10 mg/ml stock solution of Ru(bpy) 3 Br 2 (prepared in our laboratory 15 ) was prepared by dissolving 1.100 g of Ru(bpy) 3 Br 2 in a small amount of water and diluting with water to 1 l. The hydrochlorides of tetracycline (TC), chlortetracycline (CTC) and oxytetracycline (OTC) were purchased from Sigma. Stock tetracycline solutions (1.0×10 -4 g/ml) were prepared by dissolving 0.1000 g of each tetracycline in a small amount of water and diluting to 1 l with water. All of other reagents were of analytical grade or better, and all water used was doubly distilled in a fused-silica apparatus.
Procedures
A 0.3 ml portion of a mixed solution of each tetracycline, 0.3 ml of 2.2×10 -5 g/ml Ru(bpy) 3 2+ and 0.2 ml of 2.0×10 -4 mol/l Mn(II) were mixed in sample cuvette, and then moved into the measuring chamber with a constant temperature of 298 K. After the start button was pushed, 0.2 ml of 1.5×10 -4 mol/l KMnO 4 in 0.2 mol/l H 2 SO 4 was automatically injected into the reaction cuvette, and the produced CL light was measured at the maximum intensity. Calibration graphs of the emission intensity versus the concentration of tetracyclines were constructed.
Results and Discussion
Effect of the concentration of Mn(II)
In an acid medium, it was found that weak CL light emission was generated when KMnO 4 was injected into a solution of Ru(bpy) 3 2+ , but the CL emission intensity was greatly enhanced in the presence of tetracyclines. The reaction rate was shown to be very slow; from the reagent mixing to the peak maximum, more than 20 s was needed, and it took more than 30 min for the signal to return to zero again. Thus, Mn(II) was used to catalyze the oxidation by permanganate. Increasing the Mn(II) concentration also increased the rate and improved the S/N, but the Mn(II) concentration was limited by the precipitation of MnO 2 upon mixing with permanganate at higher Mn(II) concentrations. This is a serious problem, because precipitation can cause deposits in the measuring chamber thus affecting subsequent readings. A Mn(II) concentration of 4.0×10 -5 mol/l was chosen as the highest concentration for which precipitation did not occur. The investigation also showed different reaction speeds for three tetracyclines. Tetracycline reacted more slowly than did chlortetracycline and oxytetracycline, owing to the substituted chlor-and hydroxyl-groups in the latter molecules, which lead to accelerated reaction. In the presence of 4.0×10 -5 mol l -1 Mn(II), the time of the peak maximum was at 10 s for tetracycline, 5 s for chlortetracycline and 7 s for oxytetracycline.
Effect of the concentration of Ru(bpy) 3
2+
This study was carried out with a solution containing a variable amount of Ru(bpy) 3 2+ , 4.0×10 -5 mol/l Mn(II), 1.2×10 -6 g/ml tetracycline, 3.0×10 -5 mol/l KMnO 4 in 0.04 mol/l H 2 SO 4 in order to obtain a 4.4×10 -7 -2.2×10 -5 g/ml concentration. The maximum signal-tobackground ratio was obtained at 6.6×10 -6 g/ml concentration (Table l) . It was shown that the intensity increases with increasing Ru(bpy) 3 2+ in both the presence and absence of tetracycline, which implies that the luminophor is Ru(bpy) 3 2+ .
Effect of the concentration of H 2 SO 4
The effect of various acids on CL was studied. This study was carried out with a solution containing 0.02 mol/l HCl, HNO 3 , H 2 SO 4 and H 3 PO 4 under the standard conditions mentioned above. Table 2 gives the obtained results. The highest emission was observed in a H 2 SO 4 medium and the signal was stable.
The H 2 SO 4 concentration was subsequently optimized (Fig. 1) . The maximum intensity was obtained at 0.04 mol/l H 2 SO 4 .
Effect of the concentration of KMnO 4
The CL light intensity depends on the concentration of KMnO 4 of KMnO 4 under the standard conditions mentioned above; the results are given in Fig. 2 . The maximum intensity was obtained at 3.0×10 -5 mol/l KMnO 4 concentration. When the permanganate concentration was above this level, the CL intensity decreased, mainly due to the intense color of the permanganate solution.
Calibration and detection
All three tetracyclines gave similar CL recordings under the optimum conditions. The analytical parameters for each tetracycline examined are listed in Table 3 . It can be seen that chlortetracycline could be determined more sensitively than tetracycline and oxytetracycline (slope of the linear-regression equation). The precision of the proposed method was attained by analyzing 11 samples containing 1.2×10 -6 g/ml tetracycline; the relative standard deviation was 4.2%.
Effect of metal ions
Tetracyclines can form chalets with metal ions. 11 In this experiment, the effect of some metal ions on CL was studied by analyzing synthetic sample solutions containing 1.2×10 -6 g/ml tetracycline and various excess amounts of each cation. The recovery results are given in Table 4 . No interference was observed from any of the metal ions tested.
Effect of some pharmaceutical additives
The influence of some frequently used pharmaceutical additives on CL was studied by analyzing synthetic sample solutions. The results (Table 5) showed that negligible interference was observed.
Analysis of tetracyclines in pharmaceutical formulations
The proposed method was applied to the determination of tetracyclines in some commercial formulations. The results are given in Table 6 . As can be seen, there is no significant difference between the labeled values and those obtained by the proposed method. 
